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Abstract

Background: Lung cancer is the leading cause of cancer-related deaths worldwide, yet there has been
little attention given to the correlation between the cancer transcriptome and the incidence and mortality
of lung cancer across different geographic regions.

Methods: To analyze this correlation, we screened the transcriptome datasets of stage | lung
adenocarcinoma (LAC) patients from the Lung Cancer Explorer and examined their correlation with the
age-standardized incidence rate (ASIR), age-standardized mortality rate (ASMR), and mortality-to-
incidence ratio (MIR).

Results: The expression difference rates (DRs) of certain genes (SPARCL1, SRPX, PMP22, MSR1,
BST1, AKAP12, MAOB, vimentin, serglycin, ILK, ESD, transgelin, NCOA1, and PLPP1) were
significantly negatively correlated with the ASIR of female LAC. Additionally, the DR of KRT19 was
significantly positively correlated with the ASIR of female LAC. Furthermore, the DRs of COL10A1,
SMAD7, COL3A1, and AQP1 were significantly positively correlated with the ASMR and MIR of
female LAC, while the DR of KRT15 was significantly negatively correlated with the ASMR and MIR
of female LAC. In male LAC patients, the DR of RGS2 was significantly negatively correlated with the
ASIR, while the DRs of SPARCL1, COX7Al, IL3RA, and ADH1B were significantly positively
correlated with the ASMR and MIR. Additionally, the DR of AIMP2 was significantly negatively
correlated with the ASMR and MIR.

Conclusions: Our findings suggest that the expression levels of serglycin, ILK, ESD, and PLPD1 may
play a significant role in the development of LAC. This information can be valuable for identifying
potential treatment targets for lung cancer.
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Introduction

Lung cancer is the leading cause of cancer-
related death worldwide (1,2). The incidence
and mortality rates of different types of lung
cancer vary across different regions of the
world (3,4). Non-small cell lung cancer
(NSCLC) is the most common type of lung
cancer, accounting for approximately 85% of

all lung cancer cases worldwide (5,6). Lung
adenocarcinoma is the most common subtype
of NSCLC and is characterized by higher
levels of gene transcription compared to other
subtypes (7).

Multiple comparative studies have been
conducted on the transcriptome of lung cancer
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and adjacent tissues (or healthy lung tissue)
(7-10). These research results are valuable for
understanding transcriptome changes in lung
cancer. However, little attention has been
given to the correlations between these
transcriptome results and the incidence and
mortality rates of lung cancer across
geographic  regions.  Analyzing these
correlations could help us more effectively
explore the proteins and cytokines closely
related to the occurrence and development of
lung cancer, and provide important
information  for  identifying  potential
treatment targets. Therefore, in this study, we
analyzed the correlation between lung
adenocarcinoma (LAC) transcriptome data
and the age-standardized incidence rate
(ASIR), age-standardized mortality rate
(ASMR), and mortality-to-incidence ratio
(MIR). We also analyzed the closely
correlated proteins and cytokines.

Materials and Methods

Data collection

The procedures followed were in accordance
with the ethical standards of the responsible
committee on human  experimentation
(institutional or regional) and with the Helsinki
Declaration of 1975, as revised in 2000
(available at http://www.wma.net/e/policy/17-
c_e.html). The gene expression datasets of LAC
with paired non-involved healthy lungs were
screened from the Lung Cancer Explorer (LCE,
https://Ice.biohpc.swmed.edu/lungcancer/) (8).
All datasets are standardized microarray data.
ASIR, ASMR, and MIR data were obtained
from Sharma (1).

Inclusion/exclusion criteria

Inclusion criteria: Patients with stage | LAC and
clear sex information, along with paired healthy
controls. Exclusion criteria: (1) Patients with
lung cancer that was not stage | LAC; (2)
Patients with stage | LAC without clear sex
information and paired healthy controls; (3)
Patients with LAC at a stage other than stage I.
In total, 11 datasets were selected for further
analysis, consisting of 867 LAC samples and
208 paired control samples.

Data analysis
Significantly different genes were detected
using White’s non-parametric t-test in the
Statistical Analysis of Taxonomic and
Functional Profiles (STAMP, version 2.1.3)
(11). Traditional fold change (FC) is not
suitable for measuring expression differences
due to the negative value of standardized
microarray data (12,13). Instead, we used the
difference ratio (DR) to measure gene
expression differences, calculated as:
Ay —Ac
DR = ——
Ac
where DR is the difference ratio, and Aaand Ac
represent the average levels of the
adenocarcinoma and  control  samples,
respectively. To further analyze the data, we
conducted correlation analysis, principal
component analysis (PCA), and K-means
clustering analysis using R packages basic
Trendline, vegan, and factoextra, respectively.
Welch two sample t-test was used to detected
the difference in age between male and female
participants. Heatmap profiles were generated
using the R package pheatmap. Statistical
significance was determined at P<0.05.

Results

Except for one dataset with no participant age
information and one dataset with only female
data, all other datasets contain both male and
female age information, and except for one
dataset with significant age difference between
male and female (Welch two sample t-test, P<
0.05; Table 1). The consistency of DR in male
and female patients can be determined by a
significant linear correlation between the two.
However, the results of the correlation analysis
showed that the DRs in male patients from two
European countries (ltaly and Switzerland)
were not significantly correlated with those in
female patients (P> 0.05; Figs. 1a and 1b). In
contrast, the DRs in male patients from six
North American datasets (one Canadian and
five USA) were significantly correlated with
those in paired female patients (P< 0.05; Fig.
1c-h). Interestingly, both DRs in male patients
from the two Asian countries showed a
significant correlation with those in female
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patients (P< 0.05; Figs. 1i and 1j). It is worth
noting that only one correlation line had a slope
of approximately 1 (Fig. 1e). While the P values
of the two North American datasets were less
than 0.05, the slopes were approximately O,
indicating that the DRs in male patients did not
significantly correlate with those in female

patients (Fig. 1g and 1h). These findings
suggest that the pathogenesis of LAC in males
and females in Asia and some parts of North
America may be consistent, while there may be
significant differences in the pathogenesis of
LAC between males and females in Europe.

Table 1. Age difference between male and female participants in each group. The age data is displayed in mean =
standard error. These data were statistically tested using Welch two sample t-test. * P< 0.05.

Age
Dataset
Female Male t df p

All datasets 66.312+0.463 66.708+0.424 -0.631 910.83 0.528
2_Landi_2008 67.714+1.960 67.290+1.090 0.189  21.397 0.852
6_Baty 2010 64.667+4.240 58.067+3.404 1214 11.774 0.249
7_Takeuchi_2006 62.346+1.945 63.885+1.433 -0.637 51.986 0.527
8 Xi_2008 69.75£1.109  69.75+3.707 0 8.277 1
18 Lu_2010
19 Dehan_2007
36_Selamet_2012 68.560+1.486 73.222+1.501 -2.208 49.996 0.032 *
55 Beer_2002 64.340+1.704 63.560+1.766 0.305  59.357 0.761
56_Bhattacharjee_2001 62.773+1.584 66.094+1.680 -1.439  70.469 0.155
60_TCGA_LUAD_2016 66.424+0.760 65.696+0.911 6.613  242.16 0.541
61 _TCGA LUSC 2016 68.267+0.881 68.409+0.608 -0.133  148.25 0.894

Differences in transcriptional levels of LAC in
patients from different areas

The PCA results also showed that there was no
obvious sex difference in the DR profiles (Fig.
2a). K-Means cluster analysis results indicated
that DR profiles were clustered based on dataset
rather than sex or patient location (Figs. 2b and
2¢), which was likely due to the differences in
microarrays and subsequent analysis methods.
Heatmap profiles showed that the main female
DR profiles indicated a regional clustering trend
(Fig. 2d), whereas the main male DR profiles
did not show a similar trend (Fig. 2e).

Spearman correlation between main different
genes in female and male LAC patients

The transcription levels of several genes,
including collagen type X alpha 1 (COL10A1;
Entrez ID: 1300), polo like kinase (PLKZ;
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Entrez ID: 5347), cytochrome P450 family 24
subfamily A member 1 (CYP24Al; Entrez
ID: 1591), solute carrier family 7 member 5
(SLC7AS5; Entrez ID: 8140), kinetochore
associated 1 (KNTC1; Entrez ID: 9735),
H2A.X variant histone (H2AX; Entrez ID:
3014), and insulin like growth factor 2 mRNA
binding protein 3 (IGF2BP3; Entrez ID:
10643), were significantly upregulated in
LAC tissue compared to controls. Conversely,
the transcription levels of lipoprotein lipase
(LPL; Entrez ID: 4023), SPARC like 1
(SPARCLL, Entrez ID: 8404), angiopoietin 1
(ANGPT1; Entrez ID: 284), AOC3, H2.0 like
homeobox (HLX; Entrez ID: 3142), CD69
(Entrez ID: 969), and forkhead box F1
(FOXF1; Entrez ID: 2294) were significantly
downregulated (Fig. 3).
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Fig. 1. Correlation between the different ratios of male and female adenocarcinoma samples collected from various
regions. (a) 2_Landi_2008 dataset from Italy; (b) 6_Baty 2010 dataset from Switzerland; (c) 36_Selamat_2012 dataset
from Canada; (d) 8 Xi 2008 dataset from the USA; (e) 55 Beer 2002 dataset from the USA; (f)
56 _Bhattacharjee 2001 dataset from the USA; (g) 60 _TCGA LUAD 2016 dataset from the USA; (h)
61 TCGA_LUSC_2016 dataset from the USA; (i) 22_Fujiwara_2012a dataset from Japan; and (j) 19_Dehan_2007
dataset  from  Israel. These datasets were obtained from the Lung Cancer Explorer
(https://Ice.biohpc.swmed.edu/lungcancer/).
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Fig. 2. Differences in the transcriptional levels of lung adenocarcinoma in patients from various regions. (a) Principal
component analysis (PCA) profile; (b) K-means cluster plot; (c) K-means cluster dendrogram; (d) heatmap profile
displaying the difference ratios of the main differential genes in females; (e) heatmap profile displaying the difference

ratios of the main differential genes in males.

Spearman correlation analysis revealed
significant positive correlations between
PLK1, CYP24A1, KNTC1, and IGF2BP3 in
female LAC patients (Spearman correlation
coefficient > 0.6 and P< 0.05; Fig. 3a).
Additionally, COL10Al1 was significantly
positively  correlated  with  ANGPT1
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(Spearman correlation coefficient > 0.6 and P<
0.05; Fig. 3a). On the other hand, SLC7A5 was
significantly  negatively correlated with
SPARCL1 (Spearman correlation coefficient <
-0.6, P< 0.05). H2AX was significantly
negatively correlated with HLX, CD69, and
FOXF1, while the latter three were
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Fig. 3. Co-occurrence networks indicating the Spearman correlation between different genes in female (a) and male (b)
lung adenocarcinoma patients. Correlations with [Spearman correlation coefficient| > 0.6 and P< 0.05 were considered
significant. The node diameters represent the different ratios. The red and green edges represent positive and negative
correlations, respectively. ACC, average clustering coefficient; AD, average degree; APL, average path length.
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significantly positively correlated with each
other (Fig. 3a). Furthermore, the transcription
levels of SPARCLL, peripheral myelin protein
22 (PMP22; Entrez ID: 5376), integrin linked
kinase (ILK; Entrez ID: 3611), LPL, AOCS3,
coiled-coil serine rich protein 2 (CCSERZ2;
Entrez ID: 54462), serglycin (Entrez ID:
5552), SMAD family member 7 (SMAD7;
Entrez ID: 4092), annexin A3 (ANXA3;
Entrez ID: 306), esterase D (ESD; Entrez ID:
2098), nuclear receptor subfamily 2 group F
member 2 (NR2F2; Entrez ID: 7026), G
protein-coupled receptor kinase 5 (GRKS5;
Entrez ID: 2869), and transgelin (Entrez ID:
6876) were significantly downregulated in
LAC tissue and were also significantly
positively correlated with each other (P< 0.05;
Fig. 3a). In contrast, the transcription level of
keratin 19 (KRT19; Entrez ID: 3880) was
significantly upregulated in the LAC tissue and
was significantly negatively correlated with G
protein subunitgamma 11 (GNG11; Entrez ID:
2791), ESD, epithelial membrane protein 2
(EMP2; Entrez ID: 2013), cadherin 5 (CDHS5;
Entrez ID: 1003), and cysteine and glycine rich
protein 1 (CSRP1; Entrez ID: 1465), which
were all significantly downregulated in LAC
tissue (P<0.05; Fig. 3a). Additionally, the
transcription level of cadherin 1 (CDH1;
Entrez ID: 999) was significantly upregulated
in LAC tissue and was significantly negatively
correlated with CDH5, UV radiation resistance
associated (UVRAG; Entrez ID: 7405), and
GNG11.

In male LAC patients, the transcription level
of glutamyl-prolyl-tRNA synthetase 1 (EPRS1;
Entrez ID: 2058) was significantly upregulated
compared to controls and was significantly
negatively correlated with necdin (Entrez ID:
4692) and GNG11. The transcription level of
TNF receptor associated protein 1 (TRAPL;
Entrez ID: 10131) was significantly
upregulated compared to controls and was
significantly  negatively correlated  with
leukocyte-specific transcript 1 (LST1; Entrez
ID: 940). Similarly, the transcription level of
interleukin enhancer binding factor 2 (ILF2;
Entrez I1D: 3608) was significantly upregulated
compared to controls, and was significantly

108 Rep. Biochem. Mol. Biol, Vol.14, No.1, Apr 2025

negatively  correlated  with  advanced
glycosylation end-product specific receptor
(AGER; Entrez ID: 177), peroxisome
proliferator  activated receptor gamma
(PPARG,; Entrez ID: 5468), and GATA binding
protein 2 (GATAZ; Entrez ID: 2624) (P< 0.05;
Fig. 3b).

The transcription level of NAD(P)H quinone
dehydrogenase 1 (NQOL; Entrez ID: 1728) was
significantly upregulated and negatively
correlated with ANGPT1, and laminin subunit
alpha 4 (LAMA4; Entrez ID: 3910). The
transcription level of SRY-box transcription
factor 4 (SOX4; Entrez ID: 6659) was
significantly upregulated and significantly
negatively correlated with stomatin (Entrez ID:
2040) (P< 0.05; Fig. 3b). In addition, the
transcription levels of C-X-C motif chemokine
ligand 12 (CXCL12; Entrez ID: 6387),
LAMAA4, Ras related GTP binding A (RRAGA,
Entrez ID: 10670), calponin 1 (CNN1; Entrez
ID: 1264), and transforming growth factor beta
receptor 3 (TGFBR3; Entrez ID: 7049) were
significantly downregulated and formed a close
significant positively correlation (P< 0.05; Fig.
3b). Similarly, the transcription levels of RTN1
(Entrez ID: 6252), myosin light chain kinase
(MYLK; Entrez ID: 4638), transforming
growth factor beta receptor 2 (TGFBR2; Entrez
ID: 7048), actin gamma 2 (ACTG2; Entrez ID:
72), and von Willebrand factor (VWF; Entrez
ID: 7450) were significantly downregulated and
were also closely correlated with other
downregulated genes (edge > 5, P< 0.05; Fig.
3b). These results suggest that there are sex
differences in the changes in transcription levels
of the main differentially expressed genes in
LAC tissue.

Correlations between transcriptional difference
ratio of LAC and ASIR, ASMR, and MIR

The results of the Spearman correlation analysis
showed that the DRs of certain genes were
significantly correlated with the ASIR, ASMR,
and MIR of female and male LAC. Specifically,
the DRs of SPARCL1, sushi repeat containing
protein X-linked (SRPX, Entrez ID: 8406),
PMP22, macrophage scavenger receptor 1
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(MSR1; Entrez ID: 4481), bone marrow
stromal cell antigen 1 (BST1; Entrez ID: 683),
A-kinase anchoring protein 12 (AKAP12;
Entrez ID: 9590), monoamine oxidase B
(MAOB; Entrez ID: 4129), vimentin (Entrez
ID: 7431), serglycin, ILK, ESD, transgelin,
nuclear receptor coactivator 1 (NCOAL; Entrez
ID: 8648), and phospholipid phosphatase 1
(PLPP1, Entrez ID: 8611) were negatively
correlated with the ASIR of female LAC, while
the DR of KRT19 was positively correlated.
Additionally, the DRs of COL10A1, ANGPT1,
SMAD?7, collagen type Il alpha 1 chain
(COL3AL; Entrez ID: 1281), and aquaporin 1
(AQP1; Entrez ID: 358) were positively
correlated with the ASMR of female LAC,
while the DR of keratin 15 (KRT15; Entrez ID:
3866) was negatively correlated. Furthermore,
the DRs of COL10A1, microfibril associated
protein 4 (MFAP4, Entrez ID: 4239), arginase
2 (ARG2; Entrez ID: 384), LPL, SMAD?7,
COL3A1, MAOB, and AQP1 were positively
correlated with the MIR of female LAC, while
the DR of KRT15 was negatively correlated.
These correlations were all statistically
significant (P< 0.05; Fig. 4a). The DRs of
COL10Al, MFAP4, and ANGPT1 were
significantly correlated with the MIR of female
LAC, while the DRs of SPARCL1, SRPX,
PMP22, ANGPT1, serglycin, ILK, ESD,
transgelin, and PLPP1 were significantly
correlated with the ASIR of female LAC (P<
0.05; Fig. 4b). Interestingly, the DR of regulator
of G protein signaling 2 (RGS2; Entrez ID:
5997) was significantly negatively correlated
with the ASIR of male LAC, while the DRs of
SPARCLY, allograft inflammatory factor 1
(AIF1; Entrez ID: 199), cytochrome ¢ oxidase
subunit 7A1 (COX7Al; Entrez ID: 1346),
interleukin 3 receptor subunit alpha (IL3RA,;
Entrez ID: 3563), alcohol dehydrogenase 1B
(ADH1B; Entrez ID: 125), TEK receptor
tyrosine kinase (TEK, Entrez ID: 7010),
CXCL12, Src like adaptor (SLA; Entrez ID:
6503), and CD52 (Entrez ID: 1043) were

significantly positively correlated with the
ASMR of male LAC. Additionally, the DR of
aminoacyl tRNA  synthetase = complex
interacting multifunctional protein 2 (AIMP2;
Entrez ID: 7965) was significantly negatively
correlated with the ASMR of male LAC; while
the DRs of SPARCL1, COX7A1l, IL3RA,
glypican 3 (GPC3; Entrez ID: 2719), and
ADH1B  were significantly  positively
correlated with the MIR of male LAC.
Additionally, the DR of AIMP2 was
significantly negatively correlated with the
MIR of male LAC (P< 0.05; Fig. A4c).
Furthermore, the DRs of SPARCL1 and
AIMP2 were significantly correlated with the
MIR of male LAC, while the DRs of TEK and
CD52 were significantly correlated with the
ASMR of male LAC (P< 0.05; Fig. 4d).

Discussion

Lipid metabolism reprogramming is a
hallmark of cancer and plays an important role
in shaping the tumor microenvironment and
cancer cell phenotype, contributing to the
occurrence and development of tumors (14).
Therefore, reprogramming of lipid metabolism
is an essential link in tumor metabolism (15).
LPL catalyzes the hydrolysis of chylomicrons
and very-low-density lipoprotein triglycerides
and plays a key role in lipid metabolism and
transport (16). Lu et al. (16) found that the LPL
gene is expressed at a low level, with an
average ratio 0.26 in LAC tissues compared to
controls. They inferred that LPL may play an
important role in LAC development. Our
results also indicated that the transcription
level of LPL in LAC tissues was significantly
lower than that in the controls. Amine oxidases
have been linked to leukocyte migration and
tumorigenesis. In a study by Chang et al. (17),
it was found that amine oxidase copper
containing 3 (AOCS3; Entrez ID: 8639) was
significantly decreased in lung tumor tissue
compared to normal tissue.
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Fig. 4. Correlations between the transcriptional difference ratios of male and female lung adenocarcinoma (LAC) to healthy control
tissues and age-standardized incidence rate (ASIR), age-standardized mortality rate (ASMR), and mortality-to-incidence ratio
(MIR). (a) Bubble chart displaying Spearman correlations between the transcriptional difference ratio of female LAC to healthy
control tissues and ASIR, ASMR, and MIR; (b) correlation curves/lines between the transcriptional difference ratio of female LAC
to healthy control tissues and ASIR, ASMR, and MIR; (c) bubble chart displaying Spearman correlations between the
transcriptional difference ratio of male LAC to healthy control tissues and ASIR, ASMR, and MIR; (d) correlation curves/lines
between the transcriptional difference ratio of male LAC to healthy control tissues and ASIR, ASMR, and MIR. * P< 0.05; ** P<
0.01; *** P< 0.001.

110 Rep. Biochem. Mol. Biol, Vol.14, No.1, Apr 2025


http://rbmb.net/article-1-1318-en.html

[ Downloaded from rbmb.net on 2025-10-24 ]

Lung Adenocarcinoma Transcriptome

The researchers also discovered that knocking
down AOCS3 resulted in reduced CD4" T-cell
attachment to lung cancer cells, decreased
trans-endothelial migration in vitro, and
reduced CD4"* T-cell trafficking to the lung in
vivo (17). Our own results also showed a
significant decrease in the transcription level
of AOC3 in LAC tissues compared to controls
(Fig. 3). Additionally, a previous study has
reported an upregulation of COL10Al
transcription in gastric cancer (18). Similarly,
our results showed an upregulation of
COL10A1 transcription in LAC tissues
compared to controls. SPARCL1 is a
matricellular protein with anti-adhesive, anti-
proliferative, and anti-tumorigenic functions,
and is frequently downregulated in tumors
such as colorectal carcinoma and NSCLC (19).
Our  results showed a  significant
downregulation of SPARCL1 transcription in
LAC tissues compared to controls, and a
significant negative correlation with the ASIR,
suggesting that low SPARCL1 expression may
indicate a higher risk of LAC.

The expressions of certain proteins and
cytokines, including serglycin, ILK, and
PMP22, has been found to be closely linked to
the development of lung cancer (20-22). In
fact, a study has shown that suppressing
PMP22  expression can inhibit the
proliferation, invasion, and apoptosis of lung
cancer  cells  (20).  Therefore, the
downregulation of PMP22 in this study was
probably a mechanism that hinders, rather than
promotes, tumor growth. Additionally, Guo et
al. (21) found that serglycin is often
overexpressed in LAC and can promote
malignant behavior or through a CDA44-
dependent pathway, and that increased
serglycin expression is associated with a poor
prognosis in primary LAC. Similarly, Nikou et
al. (22) reported that ILK is overexpressed in
human LAC and in KRAS-driven LAC in
mice. However, our results showed that
serglycin  and ILK  were actually
downregulated in LAC compared to controls.
Furthermore, ESD activity has been linked to
tumor development, with lower ESD activity
in lung adenocarcinoma patients indicating a

higher tumor grade (23). Our findings suggest
that the downregulation of ESD may be a
contributing factor in the development of
LAC. In contrast, Sun et al. (24) found that
transgelin promotes lung cancer progression
by activating cancer-associated fibroblasts and
increasing IL-6 release. Therefore, the
downregulation of transgelin in LAC in our
study may be a mechanism that inhibits the
development of LAC. Additionally, our results
showed a significant negative correlation
between the DRs of serglycin, ILK, ESD, and
PLPD1 and ASIR (Fig. 4), indicating that the
expression levels of these genes are closely
linked to the occurrence of LAC.
Kuo et al. (25) discovered that ANGPTL1
expression was inversely correlated with
invasion, lymph node metastasis, and poor
clinical outcomes in a study of 102 patients
with lung cancer. They also found that
ANGPTL1 suppressed the migratory,
invasive, and metastatic abilities of lung and
breast cancer cell lines in vitro and reduced
metastasis in mice injected with cancer cell
lines that overexpressed ANGPTL1. These
findings with our results suggest that the
downregulation of ANGPT1 may be a
contributing factor in the development of
LAC. However, our results also showed a
significant  positive correlation  between
ANGPT1 and ASMR and MIR, indicating that
the overexpression of ANGPT1 may be linked
to the deterioration of LAC. The mechanism
behind this contradiction is currently unclear.
The pathogenesis of LAC in males and
females in Asia and some parts of North
America was likely to be consistent, but there
may be significant differences in the
pathogenesis of LAC between males and
females in Europe. Our study found that the
transcription levels of LPL and AOC3 were
significantly lower in LAC tissues compared to
controls, and downregulation of ESD may play
a key role in the development of LAC.
Additionally, our results showed that the
expression levels of serglycin, ILK, ESD, and
PLPD1 were closely linked to the occurrence
of LAC. Furthermore, our findings suggest that
there were sex differences in the changes of
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transcription levels of the main deferentially
expressed genes in LAC tissues.
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